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ABSTRACT
Objective To evaluate the effectiveness of an
unsupervised proprioceptive training programme on
recurrences of ankle sprain after usual care in athletes
who had sustained an acute sports related injury to the
lateral ankle ligament.
Design Randomised controlled trial, with one year follow-
up.
Setting Primary care.
Participants 522 athletes, aged 12-70, who had
sustained a lateral ankle sprain up to two months before
inclusion; 256 (120 female and 136 male) in the
interventiongroup;266(128femaleand138male)inthe
control group.
InterventionBothgroupsreceivedtreatmentaccordingto
usual care. Athletes allocated to the intervention group
additionally received an eight week home based
proprioceptive training programme.
Main outcome measure Self reported recurrence of ankle
sprain.
Results During the one year follow-up, 145 athletes
reported a recurrent ankle sprain: 56 (22%) in the
intervention group and 89 (33%) in the control group.
Nine athletes needed to be treated to prevent one
recurrence (number needed to treat). The intervention
programme was associated with a 35% reduction in risk
of recurrence. Cox regression analysis showed
significantly fewer recurrent ankle sprains in the
intervention than in the control group. This effect was
found for self reported recurrent ankle sprains (relative
risk0.63,95%confidenceinterval0.45to0.88),recurrent
ankle sprains leading to loss of sports time (0.53, 0.32 to
0.88), and recurrent ankle sprains resulting in healthcare
costs or lost productivity costs (0.25, 0.12 to 0.50). No
significant differences were found between medically
treated athletes in the intervention group and medically
treated controls. Athletes in the intervention group who
werenotmedicallytreatedhadasignificantlylowerriskof
recurrence than controls who were not medically treated.
Conclusions The use of a proprioceptive training
programme after usual care of an ankle sprain is effective
for the prevention of self reported recurrences. This
proprioceptive training was specifically beneficial in
athletes whose original sprain was not medically treated.
Trial registration ISTRCN34177180
INTRODUCTION
Regular participation in physical activity and sports is
beneficial for health.
1 There is also an increased risk of
injury, however, of which ankle sprains are the most
common in many sports.
2
Each day an estimated 23000 ankle sprains occur in
the United States, equalling about one sprain per
10000 people per day.
3 The most recent count of
sports injuries in the Netherlands (2002-3) estimated
an annual total of 1300000 acute sports injuries, of
which 234000 were ankle sprains.
4 Of these, 110000
(47%) required some form of medical treatment.
Recent research showed that, in the Netherlands, the
meantotalcost(directandindirect)ofoneanklesprain
was about €360 (£308; $507),
5 giving an estimated
annual cost of €84240000 in the Netherlands alone.
In addition, there is strong evidence that in the year
after injury, athletes have twice the risk of a recurrent
anklesprain.
6-9Uptohalfoftheserecurrencesresultin
chronic pain or instability,
10 potentially leading to dis-
ability and prolonged medical care. The high rate of
ankle sprains across all sports, as well as the severity
and subsequent negative consequences on future par-
ticipation, motivates preventive measures.
A preventive effect of various measures has been
found only for athletes with previous ankle
sprains.
11-15Aprimarypreventiveeffectoftape,braces,
or proprioceptive training has yet to be established.
Thedynamicrecursivemodelofsportsinjury
16creates
insight in the aetiology of ankle sprain recurrences.
After an index ankle sprain, the athlete’s intrinsic risk
factors are altered,
17-24 resultingin an increased predis-
position to re-injury.
16
Althoughtreatmentofanklesprainaimsatrecovery,
itdoesnotseemtolowertheincreasedriskofre-injury.
Thishypothesisissubstantiatedbysecondaryanalyses
of a preventive trial in top level volleyball athletes.
25
Aftertheintroductionofaproprioceptivetrainingpro-
gramme ankle sprain recurrences were reduced by
50%, and over 90% of the previously injured athletes
completed a full rehabilitation programme for their
index ankle sprain.
Thisfindingaddedtothealreadyavailableliterature
warrantstheprolongationofusualcarewithadditional
preventive efforts to effectively prevent recurrences of
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vidual home based proprioceptive training pro-
gramme after rehabilitation and treatment by usual
care to prevent ankle sprain recurrences.
METHODS
Therandomisedcontrolledtrialhadafollow-upofone
year,chosenbecausetheincreasedriskforanklesprain
recurrences seems to exist only during the first year
after injury.
6-9 Athletes were randomised to inter-
vention or control, with stratification for sex, type of
enrolment,andusualcareofanklesprain.Astatistician
whohad noknowledgeregardingany other character-
istics of the participants performed the randomisation.
AthleteswererecruitedfromAugust2006toAugust
2007throughmedicalchannels(11emergencyrooms,
five general practices, and four physical therapy
offices) throughout the Netherlands and non-medical
channels(throughadvertsinnewspapers,sportsmaga-
zines, sports tournaments, and on the internet). All
wereactivesportsparticipantsaged12-70whohadsus-
tained an ankle sprain in the preceding two months.
Beforeinclusion,aphysicaltherapistcontactedeach
injured athlete by phone and conducted a thorough
oral assessment of the reported ankle sprain using an
injury registration questionnaire, derived from a pre-
viously used injury registration form.
12 This included
questions on diagnosis, cause, and aetiology of the
injury. If the injury had been medically treated, the
advised treatment and the exact profession of the per-
sonwhotreatedtheinjurywererecordedwiththediag-
nosis provided.
All participants received treatment according to usual
care, defined as any form of rehabilitative treatment used
bytheathlete,withoutinterferencefromtheauthors.Ath-
letes allocated to the intervention group were informed
that they would receive an eight week proprioceptive
training programme, preferably starting immediately
after inclusion but not before the end of rehabilitation
with usual care and re-participation in sports.
Intervention
The programme was derived from a previously
described programme,
12 modified by two physical
therapists to consist of more general exercises that
were to be carried out individually. Feasibility was
tested in a pilot study. A detailed description of the
different basic exercises of the proprioceptive training
programme is described elsewhere,
26 and the training
programme is in the appendix on bmj.com. The pro-
grammeprescribedthreetrainingsessionsaweek,with
a maximum duration of 30 minutes a session. Athletes
were encouraged to perform the exercises as part of
their normal warm up. Exercises gradually increased
in difficulty and training load during the eight week
programme.
Athletes in the intervention group received a bal-
ance board (Avanco AB, Sweden), exercise sheets,
and an instructional DVD showing all exercises of
the programme. All information was also provided
on a website, accessible only for those in the inter-
vention group.
Outcome measures
Theoutcomewastheincidencedensityofanklesprain
and its 95% confidence interval, expressed as incident
ankle sprains per 1000 hours of exposure. We differ-
entiated self reported sudden inversions of the same
ankle according to severity
27: recurrences leading to
loss of sports time and recurrences resulting in health-
care costs or lost productivity costs, or both.
Exposure and injury registration
Duringtheoneyearfollow-up,athletesreportedrecur-
rences and details of their sports participation for each
training session and match on a monthly basis. Ath-
letes who reported a recurrence completed a web
based questionnaire similar to the injury registration
form that was completed orally before inclusion. Ath-
letes who had sustained a recurrence also received a
cost diary that registered all healthcare costs and costs
due to loss of productivity from the moment of injury
until full recovery.
Athletes in the intervention group self rated compli-
ance after four weeks and eight weeks of training. To
rule out spill over or contamination between groups,
every month we asked those in the control group
whether they had participated in proprioceptive train-
ing during the past month.
On the basis of the completed injury registration
forms,aphysicaltherapistandtheprimaryresearcher,
who were blinded to group allocation, independently
rated all registered ankle injuries as acute lateral ankle
sprains or other ankle injuries. There was agreement
on all independently assessed injury registrations.
The box gives the definitions used to register ankle
sprainrecurrences.Asimilarmethodofinjuryregistra-
tion and diagnosis was used previously in other
studies.
1228
Operational definitions
Treatment
Non-medical: no medical care giver
Medical: medical care giver
Paramedical: physical therapist, exercise therapist, or manual therapist
Intramural: general surgeon, orthopaedic surgeon
Extramural: general practitioner, centre for sports medicine
Ankle sprain recurrence
Self reported: sudden inversion of the same ankle
Time loss: sudden inversion of the same ankle causing athlete to stop current (sports)
activity or miss (part of) the next planned sports activity, or both
Leading to costs: sudden inversion of the same ankle resulting in healthcare costs or work
absence, or both
Return to participation
Athlete completed cost diaries until she or he was able to participate fully in her or his
primary sports
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We considered a difference of 50% in the incidence of
recurrent ankle sprains between the groups after one
year to be clinically relevant.
12 With a prevalence of
recurrent ankle sprain of 13% in one year,
9 we needed
275 peopleper group to detect the intended difference
of50%intheincidenceofrecurrences,withapowerof
80% and an α of 5%. Assuming a dropoutrate of about
20%, we needed 688 athletes to detect a potentially
clinically relevant effect.
Statistical methods
All statistical analyses were undertaken according to a
pre-specified plan. Injury incidences and correspond-
ing 95% confidence intervals were calculated for total
sports participation as the number of recurrent ankle
sprains reported per 1000 hours of sports, with expo-
sure time of each individual player until the first recur-
rent ankle sprain. We also carried out a subgroup
analysisonmedicalcarefortheinclusionankle sprain.
Coxregressionanalysiscomparedriskofrecurrence
of ankle sprain between the groups, with adjustment
for age, type of sport (contact or non-contact), and
level of sports (competitive or recreational). Other
variableswerecheckedforconfoundingorinteraction,
but none was found. All analyses were carried out
according to the intention to treat principle. Differ-
ences were considered significant at P<0.05.
Compliance numbers were presented as the abso-
lute number of athletes (and percentages) in each cate-
gory. Athletes in the control group who performed
some form of proprioceptive training during follow-
up were presented as a total number and a percentage
of the total number of athletes in that group.
RESULTS
We recruited 522 athletes, 351 (67%) through medical
channels and 171 (33%) through non-medical chan-
nels. Stratification ensured equal numbers for key
factors in the intervention (n=256) and control group
(n=266), and at baseline there were no significant dif-
ferences between groups (table 1). The figure shows
theflowofparticipantsthroughthestudy.Thedropout
rate was similar between groups. Five out of 266 ath-
letes in the control group (2%) reported performing
some sort of proprioceptive training exercises during
follow-up.
Exposure and injury characteristics
Participants took part in 30140 hours of sports in the
intervention group and 30682 hours in the control
group. During the one year follow-up, 145 (28%) ath-
letesreportedarecurrentanklesprain:56/256(22%)in
theinterventiongroupand89/266(33%)inthecontrol
group.
Theoverallincidenceofanklesprainper1000hours
of sports was 1.86 (95% confidence interval 1.37 to
2.34) in the intervention group and 2.90 (2.30 to 3.50)
in the control group (table 2).
Effect of proprioceptive training programme
Cox regression analysis showed that the risk of self
reported recurrences of ankle sprain was significantly
lower in the intervention group than in the control
group (relative risk 0.63, 95% confidence interval
0.45 to 0.88, table 2). Similarly, significantly lower
relative risks were found for the intervention athletes
fortimeloss(0.53,0.32to0.88)andcosts(0.25,0.12 to
0.50). Our results show that nine athletes need to be
treated to prevent one ankle sprain recurrence.
Furthermore, the programme led to a 35% relative
risk reduction in the intervention group.
Effect on medically treated athletes
Cox regression subgroup analysis was carried out for
ankle sprains that included medical treatment during
usual care at time of inclusion. Within this subgroup,
we found an intervention effect only for recurrences
leading to costs (0.24, 0.08 to 0.72) (table 3). We
found no differences for self reported recurrences
(0.89, 0.54 to 1.45) and recurrences leading to loss of
sports time (0.62, 0.30 to 1.30).
Effect on non-medically treated athletes
Cox regression analysis showed that the intervention
group athletes who reportednon-medical treatment of
their ankle sprain had a significantly lower risk of
recurrence than controls. This effect was found for
selfreportedrecurrences(0.45,0.28to0.72),forrecur-
rencesleadingtolossofsportstime(0.47,0.23to0.96),
andforrecurrencesleadingtocosts(0.25,0.10to0.61).
Compliance with the programme
A total of 58 (23%) athletes in the intervention group
said they had fully complied with the eight week pro-
prioceptive training programme; 75 (29%) said they
had been partially compliant; 89 (35%) were classified
as not compliant. Compliance with the training pro-
gramme was unknown for 34 (13%) athletes as they
Table 1 |Characteristics of athletes according to allocated group. Figures are numbers
(percentages) of participants unless stated otherwise
Intervention (n=256) Control (n=266)
No of females 120 128
Mean (SD) age (years) 28.6 (11.8) 28.0 (11.6)
Mean (SD) weight (kg) 73.4 (13.3) 71.7 (13.0)
Mean (SD) height (cm) 176.9 (9.9) 177.4 (9.5)
Mean (SD) experience (years) 10.82 (8.8) 10.75 (8.0)
Mean (SD) sports exposure (hours) 117.73 (93.59) 115.35 (113.51)
Usual care:
Medical 171 (49) 180 (51)
Non-medical 85 (50) 86 (50)
History of ankle sprain:
Index 120 (47) 124 (47)
Last recurrence <12 months ago 54 (21) 62 (23)
Last recurrence >12 months ago 82 (32) 80 (30)
Ankle protective devices:
Brace 47 (18.1) 62 (23.0)
Tape 73 (28.2) 64 (23.8)
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the control group (2%) said they had performed some
sortofproprioceptivetrainingexercisesduringtheone
year follow-up. These athletes performed propriocep-
tive trainingexercises as part of medical treatment of a
recurrence of ankle sprain and were not incorporated
in the analysis.
DISCUSSION
An unsupervised home based proprioceptive training
programme given in addition to usual care is effective
in reducing the incidence of recurrent ankle sprains in
athletes. In line with our hypothesis, we found a two-
fold reduction in risk of recurrence for self reported
recurrences. We found the same effect for time loss
because of recurrences. Other proprioceptive training
trials have recently shown a reductionin the incidence
ofanklesprainrecurrence.
1213Anklesprainsleadingto
costs were 3.6 times higher in control athletes than in
intervention athletes. There are no comparative data
available for recurrences leading to costs.
Study limitations
We used self reports for recording the initial ankle
sprain, for which athletes were included in the study,
and for recurrent ankle sprains during the study. As
recurrences were reported on a monthly basis, recall
bias was not likely. Misclassification of injuries (such
as a faulty diagnosis of acute lateral ankle ligament
sprains) sustained during the follow-up, however, was
possible.Tominimiseclassificationerrors,weadapted
registrationforms from thoseused recentlyin a rando-
mised trial in which self report was used for the regis-
tration of ankle injuries.
12 All recorded injuries to the
anklewereblindedforgroupassignmentandindepen-
dently diagnosed by two sports physicians as being
acutelateralankleligamentsprainsorotherankleinju-
ries. Both physicians agreed on all injuries. Further-
more, the method of registering injuries by self report
was similar to that used in a recent cluster randomised
controlled trial on the prevention of injuries in young
female footballers.
28
All self reported recurrent ankle sprains were regis-
tered as re-injuries. Although these sprains were
mostly described as being mild and leading to short
term discomfort, they could be classified as subjective
sensations of giving way.
29 These sensations are well
known to occur in individuals with functional ankle
instability.
Loss to follow-up, at 14%, was considerably lower
than the expected 20%. Baseline variables of athletes
that were lost to follow-up did not differ significantly
fromtheotherathletes.Therefore,webelievethatbias
because of selective dropout was limited.
Relation to other studies
To date, only one randomised controlled trial has stu-
died the effect of a rehabilitative training programme
on risk of recurrence of ankle sprain after an acute
ankle ligament sprain.
18 A year after injury, that study
found a significantdifference in re-injuriesin favour of
the intervention group.
18 The study sample size, how-
ever, was low compared with that in our study (92 v
522), considerably more athletes were lost to follow-
up (27% v 14%), and information on re-injuries was
collected retrospectively a year after the acute ankle
sprain. Whereas exercises in the trial by Holme et al.
were supervised by physical therapists,
18 we used an
unsupervised training programme.
Data validation
We recruited athletes from all ages, all levels of sports,
differenttypesoftreatment,andfromlargegeographi-
cal regions of the Netherlands, so the external validity
was high. Furthermore, as we found no differences
between groups at baseline, in dropout rates, and in
exposure during the study, the internal validity was
also high. By using standard injury registration forms
thatwerejudgedbytworesearchersindependently,we
assumethat reliabilityand validitywere ensuredgiven
our experience in a previous comparable study. Thus
reliability for comparing the data between the inter-
vention and the control groups was ensured.
Compliance
Althoughwefoundasignificantreductionintheriskof
ankle sprain recurrence, a higher compliance to the
training programme could have resulted in more
Assessed for eligibility (n=630)
Randomised (n=522)
Allocated to usual care and
proprioceptive training (n=256)
Received allocated intervention (n=256)
Allocated to usual care only (n=266)
Received allocated intervention (n=266)
Lost to follow-up and excluded
  (n=44, dropout rate 17%):
    Lack of time (n=7)
    Personal reasons (n=4)
    Lack of motivation (n=4)
    Unknown reasons (n=26)
    Injured leg (n=3)
Lost to follow-up and excluded
  (n=31, dropout rate 12%):
    Lack of time (n=6)
    Personal reasons (n=4)
    Too complicated (n=3)
    Unknown reasons (n=18)
Analysed (n=212) Analysed (n=235)
Excluded (n=108):
  Did not return baseline questionnaire (n=64)
  Still undergoing treatment (n=12)
  No informed consent (n=15)
  Did not participate in sports (n=9)
  Personal reasons (n=8)
Flowchart of athletes through trial
Table 2 |Incidence of injury (95% confidence interval) per 1000 hours of participation in
sports and relative risk (RR) by injury severity variables and allocated group
Ankle sprain Intervention Control RR*
Self reported 1.86 (1.37 to 2.34) 2.90 (2.30 to 3.50) 0.63 (0.45 to 0.88)
Time loss 0.65 (0.38 to 0.92) 1.17 (0.82 to 1.52) 0.53 (0.32 to 0.88)
Leading to costs 0.29 (0.11 to 0.47) 1.08 (0.74 to 1.42) 0.25 (0.12 to 0.50)
*Derived from Cox regression adjusted for age, type of sport, and level of sports.
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ancewiththetrainingprogrammewasmeasuredwitha
monthly compliance questionnaire. As direct contact
withthe individualathletewasimpossible,thiswasthe
only option of monitoring compliance.
At least six weeks of proprioceptive training seem
necessary to reduce the risk of re-injury,
18 so partial
compliance with the present training programme was
probably insufficient to induce preventive effects.
Generalisability
As the intervention was implemented for both sexes,
all ages, all types of sports, and at different levels of
sports, the results indicate that the entire range of ath-
letes,fromyoungelitetointermediateandrecreational
seniorathletes,wouldbenefitfromusingthepresented
training programme for the prevention of recurrences
of ankle sprain. By including non-medically treated
and medically treated athletes, we covered a broad
spectrum of injury severity. This suggests that the pre-
sent training programme can be implemented in the
treatment of all athletes. Furthermore, as it is reason-
able to assume that ankle sprains not related to sports
are comparable with those in sports, the programme
could benefit the general population.
Implications for medical care givers
Medical care givers rely heavily on evidence based
practice, using best research evidence available. The
Cochrane Collaboration aims to improve healthcare
decision making through systematic reviews of the
effects of healthcare interventions, which can be seen
asthehighestlevelofevidence.ACochranereviewon
interventions for preventing ankle ligament injuries
found limited evidence for the reduction in ankle
sprain recurrences after ankle disc training
exercises.
30 Since the publication of the Cochrane
review, however, several randomised controlled trials
on proprioceptive training, apart from our study, have
showneffectivenessinpreventingrecurrencesofankle
sprain.
121331 An updated Cochrane review could lead
to new insights on how to treat ankle sprains, which
could be useful for medical care givers around the
world.
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